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(57) ABSTRACT 

In the present invention a built in self test (BIST) for an 
embedded memory is described. The BIST can be used at 
higher levels of assembly and for commodity memories to 
perform functional and AC memory tests. A BIST controller 
comprising a finite state machine is used to step through a 
test sequence and control a sequence controller. The 
sequence controller provides data and timing sequences to 
the embedded memory to provide page mode and non-page 
mode tests along with a refresh test. The BIST logic is scan 
tested prior to performing the built in self test and accom- 
modations for normal memory refresh is made throughout 
the testing. The BIST also accommodates a burn-in test 
where unique bum-in test sequences can be applied. 

23 Claims, 4 Drawing Sheets 
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PROGRAMMABLE BUILT IN SELF TEST 
FOR EMBEDDED DRAM 

This Application claims the benefit of U.S. Provisional 
Application No. 60/117,787, filed Jan. 29, 1999. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

This invention relates to testing of integrated circuits and 
in particular to testing embedded DRAM's 

2. Description of Related Art 

There has long been a desire to integrate a computer onto 
a single chip, and the progress in device geometries is 
making it possible to consider a processor and memory 
integrated together on the same semiconductor chip. Putting 
together these two functions on a single chip puts a demand 
on testing and how to insure that each function is working 
correctly. Providing a built in self lest, otherwise known as 
a BIST, is a way of allowing an embedded memory function 
to be tested separate from the processor function and to 
provide an assurance the memory will operate properly. 

In U.S. Pat. No. 5,825,785 (Barry et al.) a buiU in self test 
capability is described for embedded macros using a state 
machine based controller. A built in self test circuit receives 
a scan vector that describes the parameters of the embedded 
macro that is to be tested. In U.S. Pat. No. 5,764,655 
(Kirihata et al.) an integrated circuit chip is described that 
contains a built in self test and a nonvolatile RAM and 
includes an RF circuit for transmitting test results to a 
detector external to the chip. The present invention is 
described in C. Huang et al, "A Programmable BIST CORE 
for Embedded DRAM", IEEE Design & Test of Computers, 
January-March 1999, pp 2-13. In J. Dreibelbis, "Processor- 
Based Built-in Self-Test for Embedded DRAM", IEEE 
Journal of Solid Stale Circuits, Vol. 33, No. 11, November 
1998, pp 1731-1740, a built-in self-test engine and test 
methodology was developed for testing a family of high 
bandwidth and high density DRAM macros. The processor 
based test engine has two separate instruction storage 
memories and combines with address, data and clock gen- 
erators to provide high performance ac testing of a DRAM. 
In S. Tanoi et al., "On- Wafer BIST of a 200-Gb/s Failed-Bit 
Search for 1-Gb DRAM", IEEE Journal of Solid Slate 
Circuits, Vol. 32, No. 11, November 1997, pp 1735-1742, an 
on-wafer built-in self-test (BIST) test technique is discussed. 
The technique was developed to implement a 200-Gb/s 
failed-bit search for a 1-Gb DRAM. The BIST circuits 
include a very long word bus and test management circuit to 
probe DRAM arrays and compress test results. Read/ 
compare circuits are embedded in sense amplifiers to iden- 
tify failed bit colunm address. 

In R Camurali el al, "Industrial BIST of Embedded 
RAMs", IEEE Design & Test of Computers, Fall 1995, pp 
86-95, a built-in self-test scheme is discussed for deeply 
embedded memories. A test pattern generation algorithm is 
implemented in hardware and extending to word based 
memories. In R. Treuler et al, "Built-in Self-Diagnosis for 
Repairable Embedded RAMs", IEEE Design & Test, June 
1993, pp 24-32, a method of built-in self^liagnosis (BISD) 
is presented. The test circuit contains a small reduced 
instruction set processor which executes diagnostic algo- 
rithms stored in a ROM. The algorithms employ hybrid 
serial/parallel and modular operations depending whether 
external or self repair is required. In B. Nadeau-Dostie et al., 
"Serial Interfacing for Embedded-Memory Testing", IEEE 
Design & Test of Cbmputers, April 1990, pp 52-63, a serial 
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interfacing scheme is presented where several embedded 
memories share the same built in self test circuit. The 
approach requires only two serial pins to access the data 
path. A test pattern is applied every clock cycle as a result 

5 of the memory shifting the test data. In R. Dekker et al., "A 
Realistic Self -Test Machine for Static Random Access 
Memories", 1988 International Test Conference, Paper 20.2, 
pp 353-361, a specification and implementation is described 
for a self test machine for static random access memories. 

10 There were several improvements over then existing self test 
machines, including improved test algorithms, machine 
stmcture independent of address and data scrambling, data 
backgrounds generated on chip, include a data retention test, 
suitable for both embedded and stand alone SRAM's, and 

IS small silicon overhead due to tt^ symmetric structure. 
Testing embedded memories, such as DRAM's, is more 
difficult than testing commodity memory chips because of 
the accessibility of the embedded memory. The surrounding 
logic must be isolated and a design for testability can result 

20 in extra hardware overhead. In addition, there can be per- 
formance penalties along with noise and parasitic effects. An 
external memory tester is expensive, and considering the 
increased speed and bandwidth associated with embedded 
memories, it is difficult to produce an adequate test capa- 

2^ bility. Trying to maintain an adequate test capabUity in an 
environment of engineering change only adds to the diffi- 
culties of an external tester. 

Providing a built in self test capability allows a much 
simpler and less costly tester to be used in testing a chip 
containing an embedded memory. With built in self test the 
embedded memory can be more easily isolated and can be 
tested at operating speeds. Testing at higher levels of assem- 
bly to can provide diagnostics in sim. By providing a 
capability to introduce different test sequences, a built in self 
test can test for critical timing during wafer test, pre-bum-in 
test, bum-in test and final test. Providing the user the 
capability to program different test algorithms and optimize 
the tests for a specific embedded memory adds important 

^ flexibility to built in self test, 

SUMMARY OF THE INVENTION 

In this invention is described a built in self lest (BIST) for 
embedded DRAM's. Although the concentration is on an 

43 embedded DRAM, the method and techniques disclosed 
herein are applicable to other types of embedded memories, 
such as SRAM's and Flash memories, and can also be used 
on commodity memories as well. The BIST is constructed of 
a controller circuit and a sequencer circuit. The controller 

5Q circuit provides test sequences to the sequencer circuit that 
generates test data and timing sequences to be applied to the 
embedded DRAM. A comparator located in the sequencer is 
used to compare the output data to the input data of the 
DRAM and produces a go/no go signal which is connected 

35 to an external tester. 

The controUer circuit includes a BIST controller which is 
a finite state machine, multiple scan chains used to provide 
test commands, diagnostic information, and a BIST scan 
path for testing the BIST logic except the finite state 

50 machine. Tbe BIST controUer controls the scan chains, 
shifting in test patterns and commands, and shifting out 
results. The finite stale machine controls the BIST scan 
operation which is done first to insure that the built in self 
test circuitry is operating properly. 

65 llie sequencer circuit accepts commands and diagnostic 
information from the controller circuit and turns the com- 
mands into timing sequences and data to be connected to the 
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embedded DRAM. The comparator contained within the FIG. 2 is a state diagram of the BIST controller finite state 

sequencer circuit compares data outputted from the DRAM machine, 

to the original input data and creates an error signal when a fig. 3 is a timing diagram for the BIST control circuit 

discrepancy is found. Timing sequences are created with the sequence, and 

use of counters and a timing generator contained within the 5 pjc. V is a state diagram of the sequence controUer for 

sequencer circuit. DRAM mlcrfacc buffers conlamed withm ^^^^^ ^^^^^ ^^^^^ 
the sequencer circuit provide for address data, row and 

column access signals, write enable and data input and data DETAILED DESCRIPTION OF THE 

output to be connected to the embedded DRAM. The PREFERRED EMBODIMENT 
sequencer output signals to the embedded DRAM are glitch 10 

free resulting from the state transition of the finite state '° ™. 1 is shown a block diagram of the memory BIST 

machine being on the rising edge.of the BIST clock and the of this invention. The memory BIST 10 is comprised of 

control signals for the DRAM being on the falling transition. ^ controller circuU U and a sequencer circuit 12. An 

nic^m i» c . . u- n J * embedded DRAM 13 is connected to a DRAM interface 

The BIST controller finite state machme is configured to .a-^^ -.-. --^ r^r. • c 

\ iTu 1 ^""6 buffer 14 withm the sequencer cu-cuit. The DRAM interface 

control the operations of the BIST by selectmg a test mode, , ^ , at^tm5 _ i 

, . *^ J r . . J • • . ! buffer 14 connects data D, address ADDR, row access signal 

decoding the commands of the test mode, scanmng m test , - li-Ac a \ ui \vm 

^ J ■ r u xRAS, column access Signal xCAS, and write enable xWE 

pattenos, executing the tests and pausing for observations or , u ^ fad a K>f i ^ ^ • ^ r^rt a\a 

J , . it t r.L r to the embedded DRAM 13, and receives from the DRAM 

a retention test. The length of the pause for retention test is i ^ , . , , m a . n i e 

J * • ji ^tf r.- j.u /! . . u» 13 data output Q. A sequence controller 15 receives com- 

a user determmed length of time, and the finite state machme , ^^.c .i? . n ^ ^ . i 
. , , • 1 * . u .u 1- f f 7n mands and data from the controller circuit 11 and oonUols 

can be reset to an mil.al sUte by the application of four 20 ^^^^^ ^^^^^^ ^^^^^ ^^^^^ ^^^^^^ 

co^cuuve logical zeros from any operational state. The „ ^ ^^^^ appropriate address sequence exercise the 

BIST supports several test modes mcluding a scan test, a r^nAxni-ic ,1. - u ju • » . a ♦ 1 

. • . . J . • c . ^ DRAM 13 for the vanous march and burn-in tests. A control 

memory test, a burn-m test and a timing fault test. The scan * <o • 1 . n j ^ *u * n 

* * • J * * * «u nrc-r ♦ *u ♦ n a ♦ * couotcr 18 IS also coou-ollcd by the sequence controller 15 

test is used to test the BIST except the controller finite state . , .u • c - i r .u • . 

- . , , , . r.L i<: to produce the Ummg of signals from the timmg generator 19 

■"'k ^ R^>^T r , ^ ^ ^"^^^ timmi sequence of signals connected to the 

r aIP P'«{*- BIST functionaUy tests ^3 the interface buffer 14. Data is transferred 

no "^-ng march algorithms which exercises the ^ ^^^^^ ^ ^ 20 

Tf ioput^dau D to the DRAM 13 through the interface 

of the DRAM, read-wnte sequences are moved from cell to i.ir^>ir*.f *uj* -^a-i -*j 
. ' J 1 u 1- jj J A m buffer 14. Data form the data composer 20 is also connected 

cell across the rows and columns of the embedded DRAM. ^ . i_- i_ • j j * * r 

to the comparator 21 which received data out Q from the 

The BIST also tests refresh and memory retention. The DRAM 13. The comparator compares the input data D from 

bum-in test exercises the entire embedded memory and can ^ata composer 20 to the output daU Q from the DRAM 

use a march algorithm supported in the memory test mode. 13 ^nd outputs a go/no go signal BGO. The sequence 

Timing fault testing is accomplished by running the BIST controUer 15 outputs a BRD signal that indicates when a 

clock at an appropriate speed and determining whether particular BIST sequence is finished and the BGO signal is 

various memory operations were performed within the clock valid and can be read for that test sequence, 

period. These timed memoiyoperati^^ Continuing to refer to FIG. 1, a BIST controller 22 

hold time, and data arrival time for vanous controls and data ^p^^^^-^^ ^ ^^^^^ ^^^^^ ^^^^^^ ^^^^^ ^^3^^ transitions 

^^Si^als. ^ controlled by the BIST conu-ol section input BCS. A 

The sequencer is designed for flexibility and can be used gisx clock BCK is connected to the memory BIST 10 to 
with a wide range of embedded memories of different provide clocking to the controller circuit 11 and the 
dimensions and timing requirements. The sequence control- sequencer circuit 12. An activation control signal BAG 
ler finite state machine generates timing sequences for single connected to the BIST controUer 22 is at a logical zero when 
read/write commands as well as for page mode read/write the draM is in normal operations and goes high to a logical 
commands for march elements defined in the controUer. The one to activate the BIST logic to test the embedded DRAM 
page mode access cycle comprises a row access followed by 13, jhe BIST controller 22 controls scanning in data through 
a sequence of column access. The DRAM under lest first ^ g^an input BSI into the scan chains 24 and scanning out 
latches the row address and then latches, one by one, the jata through the multiplexer 25 to the scan output BSO. 
column address for Uie whole page. The sequencer also tests xhere are multiple scan chains 24 comprised of a BIST Scan 
a DRAM refresh mechanism for a variety of refresh states, paih. Bum-in Commands. March Commands/Data, and 
including self refresh, hidden refresh and RAS only refresh Diagnostic Information. The decode logic 23 and the test 
stale. The sequencer outputs are implemented such as to be mode selection 26 determine which data register to scan in 
glitch free when the BIST is in use and in a high state when the test commands and when complete activate the 
the BIST is not in use. The state transitions are limed to be sequencer circuit 12. The BRS input signal to the BIST 
on the rising edge of the BIST clock and the control timing controUer 22 resets the BIST and implements a scan of all 
signals for the DRAM are on the faUing edge of the clock registers in Uie BIST controller 22 and the logic in the 
producing glitch free sequencer outputs. If test time is memory BIST 10 excluding the BIST controUer 22. This 
important, testing multiple memory banks and multiple insures that everything is operating properly before corn- 
words simultaneously with multiple built in self test mencing test of the embedded DRAM 13. 
sequences can be used to reduce test time. Continuing to refer to HG. 1, the scan chains 24 aUow 
BRIEF DESCRIPTION OF THE DRAWINGS different tests to be performed on the embedded DRAM 13 

ranging from non-page mode to page mode where data is 

This invention will be described with reference to the either read or written to more complex sequences where data 
accompanying drawings, wherein: ^5 is read, complimented and immediately written back to the 

FIG. 1 is a circuit diagram of the memory BIST of this DRAM 13. These tests can be performed under timing 

invention, control to check the performance of the embedded DRAM 


04/29/2004, EAST Version: 1.4.1 


us 6,415,403 Bl 

5 6 

13. A bum-LD test sequence allows not only for the burn-in the BIST controller is operating correctly. Scan chains are 

testing of the chip and eliminates the need for a tester until formed between BSI and BSO to apply patterns and collect 

at buro-in test.. responses. When the scan test is completed the BRS signal 

Referring to FIG. 2, a state diagram is ^own for the finite is pulled low to reset the BIST controller, and BCS remains 
state machine of the BIST controller 22 for testing the 5 low to generate a reset sequence. The BRD and BGO signal 

embedded DRAM 13. The numbers associated with the are also brought low, and the BIST controller performs a 

arrows between states represent state transitions controlled scan test for the remainder of the BIST circuitry. Once the 

by BCS as do any numbers associated with the slate tran- s^an test is completed, a test algorithm is appUed to the 

sition arcs 40. The initial slate 41 is entered by applying a embedded DRAM 13 in accordance with the control 

low signal on BRS connected to the BIST controller 22 after sequence of the finite state machine shown in FIG. 2. At the 

scan test mode has finished successfuUy. While BRS is low ^^^^ sequence BRD is brought high and BGO is 

and the BIST finite state machine is active, four consecutive sampled to read out the test results. Then BAG is set to a low 

logical zero's will reset the finite state machine to the initial ^^^^^ return the DRAM 13 to normal operations, 

stale. This can be seen by assuming the finite slate machine , a - u * * j- r *u 

, . ; ; ♦ >io A nr-c n 11 i I^ FIG. 4 IS shown the state diagram of the sequence 

IS at the probe/pause slate 48. A BCS=0 will make the * n « ■* . . r l j * t? * * 

» *u . « * A nr-c 1 . u / controller finite stale machme for march and refresh tests, 

transition to the execute state 46. A BCS=1 at the probe/ ™e . j i i. • i • 

... , , , ^ni- I . u Timing sequence generation modules, shown as circles m 

pause state wdl make the transiUon 'oop 49 back Ix, the probe p,^ ^ implemented for single readAvrite commands 63 

pause state. A second consecuUve BCS=0 w.U make the ^ ^ ^ commands 64 for march 

U^a^ition from the execute state 46 to the exit sUte 47. A ^ ^ ^^^^^ ^ sequences per- 

third consecutive BCS-0 will take the finile stale machine to r^^^^^ ^„ ^^u^aa^a t^d wm ^, d- ,1-^. 

^. , J . . ^1 J r nr>o n it lormed OH each ccll of ihc embedded DRAM are: Ra read; 

the decode state 43. and the fourth co.^ecutive BCS-0 will ^ j^^^^, complement and 

return the fimte state machine from the decode state 43 o the i^^j.^, ^„ back the complement; and RaW.'R.' read 

jmtial state 41. Any additional consecutive BCS=OwiU take ^^^^ J complement and immediately write back 

the finite stale machine on the transition loop 40 back to the complement, and read back the compliment from the 

' . ." , „„ _ 25 cell. When in page mode there are both row 64 and ocluma 

Continuing to refer to FIG. 2. a BCS-1 signal applied ^^^g ^jg ^^^^ i^t^^ed first by the embed- 

when the fimte slate machine is m the iniUal state 41 will ^3 j^^^ ^^^^ ^^^^ ^ ^j^^^ 

Uke the finite stale machne to the next state tert_m(^^^ by column, until the entire page is covered, and for each 

42 where the tesi mode IS selected. A BCS=0 takes the finite j^i^^ed column address a test sequence, such as Ra or 
state machme from the tesl_mode m state 42 to the decode 30 R^Wa'Ra', is performed. A refresh test 65 is performed to 

state 43. TTie decode state 43 decodes commands and ^over self refresh, hidden refresh and RAS only refresh, and 

generates internal control signals mcluding selectmg the ^ ^^^^^^^ of the embedded DRAM 13 is accommodated 

appropnate scan cham for shiftmg in a data sequence. ^y the built in self test to aUow the memory cells to be 

Applying BCS-0 at the decode state 43 will take the finite njainiained a proper stale. When testing begins the BIST 

state machine back to the initial slate 41. Applymg BCS=1 35 ^^^^^ ^ j^j^ ^^^^^ ^ ^^^^ ^^^^^ ^1 

will move the fimte slate machme from the decode sUte 43 ^^^^ tests are completed 67. the BIST remms to the reset 

to Ihe data_m_out state 44 where test mput is shifted in and 3,^^^ ,f ^^^^^^ are to be performed, the BIST 

test results are shifted out. User specified parameters and lest remrns to the idle stale 60. 

algorithms are shifted into the BIST 10 during the data ... ^-ii u j 

. , , , AA A i «- f ur^c 1 u i • .u" While the mvention has been particularly shown and 

in_oul stale 44. An application of BCS*1 while in the 40 . j j? . r j 1. j. ^ r 

^oio ™.i ^i^i^ AA ik« r.„.t« ^i^i^ Ko^i, described with reference to preferred embodiments thereof, 

data in out slate 44 loops the finite slate machme back to *. -.i i_ j . j .i_ 1 •« j • i. . - 

the d7taIin_out state 44 to shift in more test input and shift ^' ""derstood by those skilled m the art that various 

out additional test results. A BCS=0 at the data_in_out state ^"'"S" f?*™ details may be made without deparUng 

44 lakes the finite state machine to the apply state 45 where ^ whJ'is'dlii^d 

the scan test is applied and the BIST is activated. The loop 45 ^ ^ ^ ^ ' -i. • ^c . • 

that includes states of decode 43, data_in_oul 44 and apply \ ^ P^^g^^f^^^ble bmll m self lesl circuit, comprising: 

45 is a loop thai runs the scan tests that tests out the BIST ^) ^ controller contaimng a finite state machme comiected 
logic 10 before testing the embedded DRAM 13. ^ sequencer circmt. 

Continuing to refer to FIG. 2, a BCS-1 at the apply stale ^) ^^^^ ^'^^ ^^^^^ machme is stepped through a plurality 

45 takes the finite stale machine to the execute slate 46 50 ""^.fT. ^"^"^^ tests to an embedded DRAM after 

where memory tests such as function test, bura-in and said finite state machme is mitiahzed with a plurahty of 

memory AC test are performed. A BCS=0 at the execute consecutive logical zeros. 

state 46 takes the finite stale machine lo the exit slate 47 ^) sequencer circml connected to said embedded 

where the testing is paused for observation and an exit of the DRAM, 

execution phase can be done with a BCS-0. If a BCS-l is 55 a comparator circuit connected to output of said 

applied when in the exit state 47, the finite stale machine is DRAM, 

taken lo the probe/pause state 48 where results of testing can e) said controller provides programmable test sequences 

be shifted out or the storage retention test can be performed from a scan in port to said sequencer circuit, 

using a pause for a user determined lime inlerval. Memory f) said sequencer circuit generates lesl data and timing 

testing and diagnosis is performed in the stale loop contain- 60 sequences to be applied to said DRAM, 

ing execute 46, exit 47 and probe pause 48 stales. g) said comparator circuit compares output of said DRAM 

In FIG. 3 is shown the BIST circuit control sequence. to said test data. 

When the BAC control signal is high, a logical one, the 2. The lesl circuit of claim 1, wherein said plurality of 

BIST circuit is activated to test the embedded memory 13. consecutive logical zeros required lo initialized said finite 
All signals are synchronized with the BIST clock, BCK. The 65 slate machine is four. 

BRS signal is pulled high along with BCS at the beginning 3. The test circuit of claim 1, wherein said controller 

of the BAC control signal to perform a scan lesl to verify that provides for scanning in and scanning out test data which 
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further provides for scan testing of built in self test circuitry, 
commands for march testing said embedded DRAM, com- 
mands for burn-in testing, test mode selection and diagnostic 
information. 

4. The test circuit of claim 1, wherein a sequence con- 
troller contained within said sequencer circuit creates test 
data to be applied to said DRAM. 

5. The test circuit of claim 1, wherein said comparator 
circuit produces an error signal when test result do not 
compare to said test data. 

6. The test circuit of claim 1, wherein test patterns and 
commands are scanned into and out of said controller circuit. 

7. The test circuit of claim 1, wherein connections to said 
DRAM are in a high impedance state when said test circuit 
is not in use. 

8. The test circuit of claim 1, wherein different embedded 
memory types can be tested including DRAM, SRAM, and 
Flash memory and including commodity memory. 

9. A method of a bxiilt in self test using a finite state 
machine to control the testing of an embedded DRAM, 
comprising: 

a) initializing a finite state machine to perform a built in 
self test by applying a plurality of consecutive logical 
zeros to step the finite state machine to an initial state, 

b) stepping said finite state machine and then selecting a 

test mode, 

c) stepping said finite state machine and then decoding 
commands of said test mode, 

d) stepping said finite state machine and then scanning in 
test patterns and scanning out test results, 

e) stepping said finite state machine and then applying a 
scan test and activating said built in self test, 

f) stepping said finite state machine and then testing of an 
embedded DRAM memory, 

g) stepping said finite state machine and then exiting 
testing phase or pausing for observation, 

h) stepping said finite slate machine and then shifting out 
test results or pausing for retention test, 

i) stepping said finite state machine and then returning to 
testing of said embedded DRAM. 

10. ITie method of claim 9, wherein applying four con- 
secutive logical zeros to said finite state machine at any state 
returns said finite state machine to an initial state. 

11. The method of claim 9, wherein scan testing is done 
in a loop mnning through decode of commands, scanning in 
test patterns and scanning out test results, and applying said 
scan test. 

12. The method of claim 9, wherein pausing for said 
retention test allows pausing for a user determined time 
interval. 

13. The method of claim 9, wherein testing multiple 
memory banks and multiple words simultaneously using 
multiple built in self test sequences can be used to reduce 
test time. 


14. The method of claim 9, wherein controlling the testing 
of an embedded DRAM is done with other than a finite state 
machine. 

15. The method of claim 9, wherein changing state in said 
finite state machine is done on the rising edge of a test clodc 
and controlling timing signals for said embedded DRAM are 
applied on the falling edge of said test clock to prevent 

glitches. 

16. The method of claim 9, wherein testing of a variety of 
embedded memories including DRAM, SRAM and Flash 
memory can be done and including commodity memory 
chips. 

17. The method of claim 9, wherein the plurality of 
consecutive logical zeros to step the finite state machine to 
said initial state is four. 

18. A test method for an embedded DRAM, comprising: 

a) resetting test circuitry by applying a consecutive plu- 
rality of logical zeros to a finite state machine in a test 
controller, 

b) selecting test mode with said test controller and read- 
write sequence with a sequence circuit, 

c) marching said read- write sequence across rows and 
columns of an embedded DRAM by connecting test 
data from said sequence circuit to said embedded 
DRAM, 

d) comparing test results with test data, 

e) providing for refresh of said embedded DRAM during 

test, 

f) returning to reset with said sequence of said plurality of 
logical zeros applied to said finite state machine and 
selecting next test mode. 

19. The lest method of claim 18, wherein selecting test 
mode comprises selecting page mode, non-page mode, 
refresh and retention test. 

20. The test method of claim 19, wherein selecting to test 
^ refresh comprises self refresh, hidden refresh and RAS only 

refresh. 

21. The test method of claim 19, wherein selecting page 
mode of said DRAM latches row addresses first then colimin 
addressers one by one for an entire memory page. 

22. The test method of claim 18, wherein testing of a 
variety of embedded memories including DRAM, SRAM 
and Flash memory can be done and including commodity 
memory chips. 

23. The method of claim 18, wherein resetting said test 
circuitry is done by applying four consecutive logical zeros 
to said finite state machine. 
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